B. Why Electrorefine?
Electrorefining is a very attractive operation for applications In which the feed materials are impure metals or alloys and the desired product is pure metal. In this process, impure metal is dissolved at the anode and pure metal is deposited at the cathode. This simple electrolytic conversion of impure-to-pure metal eliminates the many processing steps in plutonium recovery through chemical processing. In addition, electrorefined metal is purer than that produced by chemical conversion of compounds to metal.
Electrorefining has been used extensively for commercial purification of metals in aqueous solutions. For example, many major refineries use aqueous electrolytes for purifying copper, nickel, cobalt, lead, tin, silver and gold.'3 Active metals, such as alkalis, alkaline earths, Iathanides, and actinides, however, cannot be deposited in aqueous solution. These metals require molten salt electrolytes. Molten salt electrorefining processes have been studied extensively for aluminum, lead, plutonium, beryllium, niobium, titanium, vanadium, zirconium, tungsten, molybdenum, uranium, tin, and antimony. " In spite of these numerous studies and the potential advantages of electrorefining, alumlnum refining is the only process that has found extensive industrial use.'4 Molten salt electrorefining, however, is an ideal processing tool for active metals that have reasonably low melting points, such as aluminum (6600 C), plutonium (6400 C), and neptunium (6370 C).
C. Plutonium Electrorefining, Principles of Operation
In the Los Alamos refining cell (Fig. 1) , the magnesia crucible consists of two concentric cylindrical containers. The inner cup contains the impure moiten piutonium anode and the outer cup contains the electrolyte. During operation, piutonium is oxidized at the anode and reduced back to metai at the cathode. Therefore, the height of metai in the anode decreases during a run as the height of the product ring or doughnut increases.
The celi reactions are simpiy
Anode -Pu (impure) e Pu+3 + 3e-;
Cathode -Put' + 3e3~Pu (pure) .
Therefore, the net celi reaction is Pu (impure)~Pu (pure) . Option (2) is ideally suited to purifying small amounts of 23ePu,240Pu,242Pu,and 23gPuof unusuai isotopic composition. * in the in situ generation, dc current is passed through an eiectrorefining celi with no stirring of metai or electrolyte. Under these conditions, the foiiowing reaction takes place.la.lS
Anode -Pu(t)~Pu+3 (molten salt)
.
Cathode -Na+ (moiten sait)~Na(t) .
The reduction of PU+3 to metai competes with the reduction of Nat. About 50% of the current results in Na+ reduction. After PuCl~generation, the sodium is permitted to volatilize from the cathode and collect on the top furnace lid. This method has been used to purify 25, 100 and 200 g of 23aPu.20 For kiiogram amounts of speciai isotopes, option (3) is recommended. In this case, the foliowing reaction takes piace.
3MgCl, + 2Pu~2PuCi, + 3Mg.
This option has been used by workers at Rocky Flats** in eiectrorefining '* and has been studied extensively in moiten sait extraction studies.2' The magnesium metai produced is volatilized siowly from the melt. The magnesium must be volatilized oxidation-reduction will take place upon equilibration.
Fe+3 (salt) + Pu (anode) -+ PU+3 (salt) + Fe (anode) .
In most runs, the cathode cylinder is coated with plutonium metal from an earlier run. To provide an additional driving force for the salt purification a~4 to electropolish the cathode, a pre-electrolysis of the melt is done during equilibration. In this case, the tungsten cylinder is made anodic, and the plutonium feed metal is made cathodic (that is, the electrorefining current is reversed). The foilowing reactions take piace during this process. Obviously, maintaining a pure argon atmosphere and using pure electrolyte are essential to ensuring the absence of reactive gases such as oxygen, nitrogen, and water vapor. The anode-metal feed should also be oxide-free. By taking these precautions, we can get collection yields of >959f0.
Tungsten

Il. DESCRIPTION OF THE LOS ALAMOS ELEC-TROREFINING FACILITY, EQUIPMENT, AND PROCEDURES
Kilogram scale electrorefining operations were done in gloveboxes ER-1, 2, and 3 (Fig. 2) . The fourth glovebox, ER-4, was equipped with a 20-ton hydraulic press to break product rings into pieces suitable for casting operations. This box was also equipped with an electrorefining furnace for special or unique runs on the 0.1-to 0.5-kg scale. The fifth glovebox on the east side of the tunnel was inert and contained equipment for casting ultra-high-purity plutonium metal. The west side of the tunnel contained the introductory hood and glovebox, a weighing box, a pickling box, and a bag-out box. NaC1-KCl salt castings were done in a salt-casting furnace located in the southeast corner. All of the electrical control equipment for operating the electrorefining and casting units was contained in the control panels on the east wall.
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C. Product Yields and Plutonium Utilization
Yields for an electrorefining operation can be expressed in several ways. From a plant manager's viewpoint, the most useful number is product yield Thus, in the above equation, the denominator is the sum of all plutonium species put into the run, and the numerator is the sum of pure plutonium metal products that come out of the run. Because plutonium utilization contains the variable term Pu,, it is not as, useful a number as product yield in evaluating electrorefining operations.
Product yields and plutonium utilizations are summarized in Table V1l . The average product yield for the first year of operation was 75V0 but the average was 80% or higher for the following years. Large anode residues were the primary cause of lower yields the first year. Plutonium utilizations were about 2?40 lower than process yields reflecting the 100 g of plutonium added as PuF, during the first 11 years of operation. Product yields and plutonium utilizations were virtually the same during the last 2 years of operation because only 30 g of plutonium was added as PuF4 (Table Vi) Although the value is lower than the 95% value experienced in the R&D work, we consider it to be a reasonable production value.
Process efficiency is defined as the product of (D x CE) and is therefore a measure of electrorefining efficiency, or PUP,+ APuC PE=Dx CE= Pus, " . Requirements for americium removal during the last 2 to 3 years of operation relaxed, and 0.030 kg of plutonium as PuFd was sufficient to achieve the desired DF of 3.
F. Equipment Failures
Premature terminations of eiectrorefining runs have resuited from the foliowing causes. 
IV. SUMMARY AND RECOMMENDATIONS
it is very surprising that virtualiy no changes were made to eiectrorefining equipment or procedures during the 14 years of operation at TA-21. This was due to the successful operation of the faciiity. A part-time staff of three produced more than 1700 kg of high-purity metai in a relatively smaii, inexpensive faciiity. The facility's output was limited by the availability of metai feed rather than by its capacity, which was 10 kg piutonium per week. Equipment faiiure, other than that discussed in Sec. iii. F, was rare, and product quaiity was always high. Indeed, after the first few years of operation, chemicai anaiysis of the product metal was discontinued, and the metai went directiy to terfere with the progress of the run so iong as some iiquid phase is present. Satisfactory anode depietion has been difficuit for anodes that spiit into two immiscible iiquid phases during the run. Our present ceramic stirrer does not mix or turn over these phases adequately so eiectrorefining terminates p rematureiy. Therefore, we need a better stirrer.
B. Improve Operational Efficiency
The operational efficiency couid be improved by Time of a run can be decreased by increasing dc current and increasing heating and cooiing rates.
As discussed in Sec. i. E, the eiectroiyzing current has never been optimized. The use of ceramic components preciudes very rapid heating and cooiing rates. The present very siow heating rate was selected for operational convenience but never optimized. Cooiing rates could be increased by equipment modification. Eiectrorefining salts are also prime candidates for pyrochemical processing. These salts consist primariiy of -1200 g NaCi-KCi, -300 g piutonium, and -3 g americium. The plutonium is present as both sait and metallic shot.
Recovery of plutonium from the crucible surfaces is now done by ieaching or washing the crucible fragments in acid. This method is quite efficient and is probably superior to aiternate pyrochemicai techniques.
D. Summary
This report discusses how the Los Aiamos Electrorefining Facility has performed admirably In recyciing metaliic plutonium scrap. Large amounts of high-purity metai were produced with minimal labor. However, the report also indicates that an update is overdue. A modest investment in process development could increase dramatically the effectiveness of this recyciing tool. (Fig. A-1) 1. 
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